We present the results of ground-based and HST imaging studies targeted on z > 4.5 quasar fields. High-redshift galaxies identified in deep narrow-band Lyα images of the fields surrounding the quasars BR1202-0725 (z = 4.694) and BR2237-0607 (z = 4.558) have been confirmed with follow-up spectroscopy using the LRIS spectrograph on the Keck 10m telescope. These high-redshift galaxies are typically only moderately luminous objects and their sub-L * magnitudes imply star formation rates of only a few solar masses per year. For BR1202-0725 tip-tilt imaging in Lyα at the UH 2.2m telescope and deep narrow-band IR imaging in [O II] at CFHT reveals a complex and structured system which may be merging to produce the host galaxy of the quasar. For BR2237-0607 the Lyα-emitting galaxies show the strong Lyα-emission and weak continuum expected for objects before substantial chemical enrichment and consequent dust formation and extinction has occurred. These objects appear to be galaxies in their first outburst of star formation.
Introduction
It is clear that some form of activity took place prior to z ∼ 5 to generate the ionization of the intergalactic medium 1 and also that some quasar absorptionline systems have small amounts of metals in place 2 by z = 4−5, indicating that some galaxy formation has initiated at or prior to these redshifts. These early epochs may be our best chance to see galaxies in the first stages prior to the formation of substantial dust and metals, and hence may be the best place for Lyα emission-line searches. While earlier Lyα searches were unsuccessful, 3, 4 improved sensitivities -particularly with the Keck 10m telescope -are now enabling us to detect Lyα emitters at z ∼ 4.5 − 5, at least around the known z > 4.5 quasars, and there have been a flurry of recent results.
5, 9, 6, 7 Parallel searches for color-selected objects are also taking place, tuned to these redshift ranges, which are designed to turn up more evolved objects.
8, 9, 10
We discuss here several high-redshift galaxies which have been identified in deep narrow-band Lyα imaging of the fields surrounding the quasars BR1202-0725 and BR2237-0607, and studied with followup spectroscopy using the LRIS spectrograph on Keck. These objects appear to follow very closely our expectations for early galaxies although, consistent with objects at lower redshifts, they are not particularly luminous.
The companions to BR1202-0725
Both BR1202-0725 and BR2237-0607 were identified in the APM quasar survey 11, 12 and show z > 4 damped Lyα (DLA) systems in their spectra. 13 The damped system at z = 4.383 [refs. 2, 13] seen in BR1202-0725 is the highest redshift DLA known. Narrow-band imaging 5 by Hu, McMahon, and Egami at the wavelength of redshifted Lyα for BR1202-0725 identified emission which coincides with the continuum light from a faint galaxy seen in Hubble Space Telescope WFPC2 images 2.6
′′ NW of the quasar, and pointing radially towards it. This object was also identified as a high-redshift galaxy by Fontana et al. using color-break techniques 9 and by Petitjean et al. using integral field spectroscopy.
6 From high-resolution tip-tilt imaging (FWHM 0.45 ′′ ) of this system at the UH 2.2m telescope in the Lyα line we have now identified a second faint Lyα emission component coincident with a fainter galaxy 3 ′′ SW of the quasar, also pointing radially towards the quasar in the HST image (Fig. 1) . In these higher resolution images it is possible to see that the peak of the Lyα emission coincides with the two continuum structures seen in the HST images, but that there is also a diffuse component extending out towards the illuminating quasar. The second emission system near the quasar at z = 4.7 is confirmed in multi-slit LRIS spectra taken on these objects with the Keck 10m telescope. C IV emission is not detected in these spectra. However, [O II] emission is also seen in these objects in narrow-band IR filter imaging at CFHT made using the UH 1024 2 IR camera, QUIRC. The morphology of these nearby systems suggests that we may be seeing here the merging of these subsystems and possibly witnessing the formation of the quasar's host galaxy. Near these emission-line structures there is excess emission at millimeter and submillimeter wavelengths 14, 15 and most recently, molecular CO transitions have been detected in close proximity to the quasar. 16 
Field Galaxies around BR2237-0607 -Early Star Formation?
For BR2237-0607 based on deep narrow-band Lyα imaging followed by spectroscopy using LRIS at Keck, we identify 7 two Lyα emitting galaxies at z = 4.55. In contrast to the BR1202-0725 emission-line objects, these galaxies have separations > 100 ′′ (∼ 700 kpc) from the quasar, which is unlikely to have a significant role in exciting them. Observed equivalent widths for the Lyα line exceed ∼1000Å, in each case. While one of these objects is quite compact, and has no detectable continuum in a 1-hr I-band exposure at Keck, and thus might be an AGN, the second has a diffuse extended structure in both continuum and emission, and is most likely a star-forming galaxy. Line fluxes are ∼ 5 × 10 −17 ergs cm −2 s −1 . These objects may represent the very earliest stages of galaxy formation prior to the formation of a significant stellar population and the destruction of the Lyα line by dust.
Discussion
The objects in the BR2237-0607 field are currently the only galaxies, well separated from quasars, that are known at these high redshifts, and their properties are therefore of considerable interest if only in targeting future searches. The rest frame equivalent widths of the systems are around > 130Å and > 240Å, which are marginally consistent with stellar excitation for an initial mass function dominated by massive stars. 19 The Lyα may arise from a combination of internal and external ionization. If the observed emission were primarily due to stars, and there were no internal scattering and extinction, then the luminosity of 3 × 10 42 h −2 erg s −1 (q 0 =0.5) would correspond to a star formation rate in solar masses (M ⊙ ) per year of 20 Given the Hubble time at this redshift of 7 × 10 8 h −1 yr (q 0 =0.5) the integrated amount of star formation is small compared to that of a 'normal' galaxy with 6 × 10 10 h −1 M ⊙ of stars (a so-called L * galaxy). Because of the targeted nature of the search it is hard to estimate from the present data whether such objects may be common in the general field or whether they are preferentially found around quasars. Observations, currently in progress, of additional quasars and blank field regions should answer this question.
